Introduction {#S0001}
============

Turner syndrome (TS) is a disorder characterized by a number of clinical features of variable intensity that may include dysmorphic stigmata, short stature, sexual infantilism, and renal, cardiac, skeletal, endocrine and metabolic abnormalities. It is the result of a missing or structurally abnormal second sex chromosome.[@CIT0001],[@CIT0002] This disorder is one the most common human chromosomal abnormalities, occurring in approximately 1:2500 live female births.[@CIT0002] Patients with TS generally have severely deficient body height and distorted body proportions when compared with healthy women.[@CIT0003]--[@CIT0006] Congenital cardiovascular disease affects 30% of patients with TS and the risk of premature death by this condition is increased 20-fold in TS subjects.[@CIT0007] Adult patients also have an increased risk for ischemic heart disease with a 2.8-fold increase in the risk of premature.[@CIT0007] This atherosclerotic process starts early on[@CIT0008],[@CIT0009] and epidemiological data suggests that there is an associated 3-fold risk of mortality from cardiovascular diseases (myocardial infarction and stroke) in TS compared to the general female population.[@CIT0010],[@CIT0011] Thus, the life expectancy in TS is reduced by at least 10 years.[@CIT0011] Insulin resistance and dyslipidemia are probably the most common metabolic abnormalities found in adult patients with TS.[@CIT0007],[@CIT0012],[@CIT0013] Both are components of the Metabolic Syndrome (MetS),[@CIT0014],[@CIT0015] which consists of a cluster of risk factors which may lead to the development of type 2 diabetes mellitus (T2DM) and cardiovascular disease.[@CIT0016] The prevalence of each component of MetS is increased in adult TS patients.[@CIT0014],[@CIT0015] However, the incidence of MetS in TS adult patients has still not been well defined.

The dramatic rise in the prevalence of overweight/obesity in the USA and in European countries has become a major health concern. Latin American populations do not escape this pandemic.[@CIT0017] Overweight/obesity has been defined as an increase of total corporal adipose tissue out of proportion to other tissues. It is characterized by changes in body mass index (BMI) and further defined in terms of fat distribution via the waist--hip ratio (WHR) and through the presence of cardiovascular risk factors. Overweight/obesity has also been associated with an increased mortality rate, coronary heart disease, hypertension, dyslipidemia and T2DM in TS subjects.[@CIT0011],[@CIT0013],[@CIT0018]

From a clinical point of view, there is a real need for an appropriate definition of overweight/obesity in TS, as there is no consensus regarding this matter.[@CIT0002] BMI has been validated by dual X-ray absorptiometry[@CIT0019] and recommended as a good adiposity index. Also, an increased BMI is strongly associated with complications resulting from an increased corporal fat mass. However, BMI measurements in subjects with altered phenotypes affecting body proportions, such as TS, can be imprecise and the significance of its association with total fat mass or percentage of corporal fat mass in these patients is unclear.[@CIT0006] For example, the shorter legs with respect to trunk length observed in TS patients, together with a wider shoulder girdle, could disturb weight-height proportions, affecting the reliability of BMI when trying to assess the degree of overweight/obesity in TS patients. The main objective of this study was to assess the value of anthropometric indexes as a measure of predicting cardiovascular risk, and consequently, to define the best anthropometric predictor of MetS and overweight/obesity in an adult population of Latin-American individuals with TS.

Materials and methods {#S0002}
=====================

Design study and study subjects {#S0002-S2001}
-------------------------------

This was a cross-sectional correlational study carried out in two Latin-American universities over the past seven years (School of Biology, Central University of Ecuador, Quito, Ecuador; and the Genetic Research Institute, University of Zulia, Maracaibo, Venezuela). The study protocol was reviewed and approved by the Ethics Committee´s for Research in Human Subjects of the two participating institutions. Unrelated adult TS patients (\>20 years old) were recruited through both sources. Venezuelan subjects (n=54) were periodically examined at the outpatient Medical Genetics clinic of the Genetic Research Institute, University of Zulia, between January 2010 and December 2016; a second group of Ecuadorian individuals (n=34) were recruited through the Ecuadorian Foundation in Support of Turner Syndrome. They were contacted using letters, e-mails and telephone calls and subsequently underwent a comprehensive health examination between January and November 2017. No statistical difference was found between subjects of the two different countries at the beginning of the study with respect to the demographic or genetic data (age, socio-economic status, education level, height-SDS, weight-SDS, BMI-SDS, karyotype distribution). The diagnosis of TS was established by lymphocyte chromosomal analysis in combination with clinical features. None of the subjects had received treatment with growth hormone or anabolic steroids. Information on exposure to estrogen (age at menarche, start of induction of puberty, premature ovarian failure, duration and cessation of hormone replacement therapy (HRT)) was collected. Information on exposure to estrogen (age at menarche, start of induction of puberty, premature ovarian failure, duration and cessation of hormone replacement therapy (HRT)) was collected. Five of the patients menstruated spontaneously. All patients, except six, received conventional HRT. Forty-nine TS subjects (56%) received HRT for more than 5 years. The remaining 39 subjects were either poorly or irregularly treated (for less than two-years (range: 6 months to 7.3 years) or never received HRT and seven of these patients received HRT for an unspecified period. If a patient was receiving HRT, it was discontinued four weeks prior to assessment. The distribution of the cytogenetic analysis among the patients was as follows: monosomy 45,X (n=37), 45,X/46,XX mosaicism (n=18), X-isochromosome ((45,X/46,X,i(Xq) or 46,X,i(Xq)) (n=15), and others, such as partial X deletions (n=6), multiple cell lines (n=5), marker or ring X-chromosome (n=4), and 45,X/46,XY mosaicism (n=3). Karyotypes with a total deletion of the *p*-arm (45,X plus X-isochromosome cases) were pooled as a sole group. The remaining cases, including structural anomalies and partial deletions of the *p*-arm, were grouped.

Measurements {#S0002-S2002}
------------

Each participant was evaluated in the morning after an overnight fast of at least ten hours. Anthropometric evaluation was performed by trained physicians using standard techniques. Height of subjects was measured with a wall stadiometer. A non-extensive tape was used to measure hip- and waist-circumferences (HC and WC). Measurements were taken three times and their average was recorded. Body Mass Index (BMI), waist/standing height (WHtR) and waist/hip (WHR) ratios were then calculated. Systolic and diastolic blood pressures (SBP and DBP) were measured using an automated sphygmomanometer monitor. Following 10 mins of rest three readings in the sitting position were obtained from the left arm with an appropriate size cuff at 5 min intervals and, then were averaged. Bioelectrical impedance analysis was carried out in the morning by a trained investigator using a segmental two-frequency bio-impedance analyzer (Inbody 120, Biospace Co. Ltd., South Korea). Data output, as calculated by the algorithm manufacturer, included weight, total body water (TBW), total fat mass (FM), percentage fat mass (PFM), total fat free mass (FFM) and percentage fat free mass (PFFM).[@CIT0020]

A reference group of 57 healthy women, 20--49 years of age, matched by age and BMI with the study group, was also included. These volunteers were required to be free of significant medical illnesses and not to be taking any medication known to affect body weight or metabolic processes. All of these women had regular menstrual cycles and had not been treated with or were presently receiving HRT or glucocorticoid therapy. None of the individuals (study or reference group) had evidence of decompensated organic disease. Subjects with T1DM or T2DM were excluded from this study. Although several TS patients had congenital heart disease, including corrected aortic coarctation, none of the TS subjects included in our study had severe or hemodynamically decompensated congenital heart disease or congenital renal anomalies predisposing them to hypertension. Individuals with either hyperthyroidism or uncontrolled or difficult to control hypothyroidism were excluded from the study. Similarly, subjects with leukemia or other type of cancers were also excluded. Patients with elevated liver enzymes were included in the study, but only if did not have any decompensated liver disease. No subjects had clinical or serological evidence of autoimmune disease. Subjects with decompensated renal or gastrointestinal disease, psychosocial deprivation, or any eating disorder were also excluded.

Laboratory analysis {#S0002-S2003}
-------------------

Trained personnel collected a 10-mL fasting whole blood sample from an antecubital vein of each subject. The samples were immediately labelled, centrifuged, stored in iceboxes and sent to the laboratory within 3 hrs of collection. Serum fasting levels of glucose, total-, and HDL-cholesterol and triglyceride concentrations were measured in all subjects by the enzymatic method using a computerized analyzer. Low-density lipoprotein (LDL) cholesterol was derived from the lipids measured using the Friedewald calculation.

Definitions {#S0002-S2004}
-----------

Metabolic syndrome was diagnosed using the International Diabetes Federation (IDF) consensus.[@CIT0021] According to the new IDF definition, for a woman to be defined as having the MetS they must present: 1) Central obesity (defined as waist circumference ≥80 cm) plus any two of the following four factors: 2) fasting plasma glucose 5.6 mmol/L (100 mg/dL); 3) HDL-c level \<1.29 mmol/L (\<50 mg/dL); 4) TAG ≥1.7 mmol/L (\>150 mg/dL) or specific treatment for this; and 5) blood pressure ≥130/85 mm Hg or treatment of previously diagnosed hypertension. Nutritional corporal status classification was performed by BMI, according to World Health Organization (WHO). The Castelli Index was calculated as TC/HDL-c ratio. The Atherogenic Index of Plasma was calculated through the formula of log (Triglycerides (mmo/mL)/HDLc (mmol/mL)).

### Statistical analysis {#S0002-S2004-S3001}

Data were analyzed using IBM SPSS Statistics 19.0 (SPSS Inc., Chicago, IL, USA) and GraphPad InStat 7.00 (GraphPad Software, Inc., La Jolla, CA, USA). Results as determined by 95% confidence intervals and a value of P\<0.05 were considered to be statistically significant. The general features of the participants are described as number of cases, mean and standard deviations. The prevalence of MetS and Overweight/Obesity are indicated as a percentage. To compare proportions of categorical variables, ie, differences of the percentages of MetS or overweight/obesity between study and reference groups, the two proportion Z-test was used. After checking the normality of the quantitative variables with the Kolmogorov-Smirnoff test (P\<0.05), a Student *t*-test was performed to compare means between groups for continuous variables. Conversely, when the variables did not fit into the criteria of normality they were expressed as median (range) and a Mann--Whitney U-test was carried out. The association between anthropometric and cardio-metabolic variables was first examined using Pearson or Spearman correlation analysis, as appropriate. Likewise, a univariate linear regression analyses was performed with MetS or Overweight/Obesity as the dependent variables, while BMI, WC, WHR and WHtR were considered as the independent factors. Next, multi-variable models were constructed including age as the independent factor in the bivariable analysis. Adjusted odds ratios, along with the corresponding 95% confidence intervals were used to examine the strength of associations between anthropometric variables and MetS or Overweight/Obesity. Receiver Operating Characteristic (ROC) analyses was then used to calculate the area under the ROC curves (AUC-ROC) between each anthropometric variable and MetS or Overweight/Obesity adjusted for age. The best cut-off value was defined from the maximum Youden index on the AUC-ROC. The discriminating power of the anthropometric variables, ie, the ability of the model to differentiate between participants who have MetS or Overweight/Obesity and those who do not, was expressed as AUC and 95% confidence intervals. Furthermore, we grouped patients based on established cut off values for BMI, WC, WHR and WHtR to detect sensitivity and specificity using the ROC curves.

Results {#S0003}
=======

Overall descriptive statistics {#S0003-S2001}
------------------------------

The baseline anthropometric, cardio-metabolic and bio-impedance data are shown in [Table 1](#T0001){ref-type="table"}. Subjects with TS were shorter than reference individuals, but mean weight was similar in both groups. Subjects with TS had greater WC, WHR, WHtR, FM and PFM, fasting plasma glucose, triglycerides, LDL-c, Plasma Atherogenic Index, LDL-c/HDL-c ratio, and systolic and diastolic blood pressure than the reference group. By contrast, reference subjects had greater FFM, PFFM, FFM/FM ratio, TBW than the TS subjects. No significant differences in HDL-c levels between TS subjects and reference group were found.Table 1Description of the study populationTS SubjectsReference GroupP-valueN8857Age (years)29.33±6.8329.81±4.70.936Anthropometric VariablesGeneral Height (cm)139.4±3.32148.8±0.230.0409 Height SDS−4.21±0.75−2.74±0.560.05 Weight (kg)51.45±9.9152.87±9.080.154 Weight SDS−0.22±1.790.4±0.10.05 BMI (kg/m^2^)26.35±5.3724.72±3.890.01 BMI SDS2.75±2.671.7±1.30.001Adiposity Central Waist Circumference (cm)78.30±2.5576.20±2.10.001 Waist to Hip Ratio0.88±0.070.81±0.010.001 Waist to Height Ratio0.56±0.090.49±0.030.001Bioimpedance Variables Free fat mass (kg)25.36±8.4132.77±3.710.001 Percentage of Free Fat Mass35.66±10.3642.61±5.920.001 Fat Mass (kg)26.35±5.3718.36±2.130.001 Percentage of Fat Mass (%)36.14±9.7132.45±3.190.001 Free fat mass to Fat Mass Ratio1.43±0.761.8±0.170.001 Percentage of Total Body Water (%)46.11±1.6051.55±2.270.001Metabolic Variables Fasting Plasma Glucose (mg/dL)82.33±11.9579.72±6.60.001 Triglycerides (mg/dL)163.44±59.55113.81±40.540.001 Total-Cholesterol (mg/dL)211.42±50.83189.94±23.700.001 LDL-c (mg/dL)145.64±65.15111.75±13.680.001 HDL-c (mg/dL)55.75±16.8355.43±14.160.458\* TC to HDL-c Ratio (Castelli Index)4.59±1.453.42±0.920.001 Atherogenic Index of Plasma0.46±0.240.36±0.270.001 LDL-c to HDL-c Ratio2.79±1.542.14±0.090.001 No-HDL-c to HDL-c Ratio3.09±1.451.91±0.820.001Cardiovascular Variables Systolic blood pressure (mmHg)139.00±19.0115.00±15.00.001 Diastolic blood pressure (mmHg)87.0±17.071.0±11.00.001Metabolic Syndrome % (n)40 (35) (29--50^§^)16 (9) (6--25^§^)0.001\*\*Overweight/Obesity % (n)49 (43) (36--57^§^)33 (19) (16--34^§^)0.01\*\*[^1]

Prevalence of MetS and overweight/obesity in TS subjects {#S0003-S2002}
--------------------------------------------------------

The prevalence of MetS was 40% (35/88)) and 16% (9/57), respectively, for TS and reference subjects (P\<0.05). The prevalence of the single components of Mets in TS subjects and reference groups is displayed in the [Figure 1](#F0001){ref-type="fig"}. All five components of MetS were significantly different in both these groups. [Table 2](#T0002){ref-type="table"} compares the baseline characteristics of TS subjects with (MetS) and without (Non-MetS) metabolic syndrome. TS subjects with MetS were significantly older, had a greater BMI, WC, WHR and WHtR, as well as increased FM and PFM, fasting plasma glucose, triglycerides, LDL-c levels, Atherogenic Index, LDL-c/HDL-c ratio, and systolic and diastolic blood pressure levels when compared to the Non-MetS group. Although the study and reference groups were age- and BMI-matched, Pearson correlation coefficients between BMI and central adiposity variables with MetS were stronger in the TS group with MetS than in the reference subjects. Additionally, several anthropometric, cardio-metabolic and bio-impedance variables tended to increase with age in TS subjects ([[Table S1]{.ul}](https://www.dovepress.com/get_supplementary_file.php?f=214787.pdf)). However, we found no correlation between age and WHtR.Table 2Comparison between Turner syndrome subjects with and without metabolic syndromeMetS TS SubjectsNon-MetS TS SubjectsPrevalence (n)40 (35)60 (53)With Overweight/Obesity %, (n)77 (27)30 (16)Without Overweight/Obesity % (n)23 (8)70 (37)Mean ± SD**p**Age32.37±1.1927.25±0.840.0005Anthropometric VariablesGeneral Height (cm)139±0.56140.4±0.440.0595 Weight (kg)58.14±1.9147.02±0.76\<0.001 BMI (kg/m^2^)30.18±1.0523.76±0.36\<0.0001Adiposity Central Waist Circumference (cm)85.69±2.5873.42±0.97\<0.0001 Waist to Hip Ratio0.91±0.010.86±0.010.0017 Waist to Height Ratio0.62±0.020.52±0.07\<0.0001Bioimpedance Variables Free fat mass (kg)24.77±1.1525.76±1.290.3737\* Percentage of Free Fat Mass (%)53.09±2.3344.22±2.610.0148 Fat Mass (kg)27.55±1.6016.2±0.55\<0.0001 Percentage of Fat Mass (%)45.14±1.6033.53±0.90\<0.0001 Free fat mass to Fat Mass Ratio0.74±0.051.23±0.10\<0.0001 Total Body Water\*23.84±0.6524.38±0.660.4257\* Percentage of Total Body Water (%)42.11±1.6251.82±1.13\<0.0001Metabolic Variables Fasting Plasma Glucose (mg/dl)87.87±2.3678.78±1.190.0003 Triglycerides (mg/dL)183.6±9.53149±7.950.0068 Total Cholesterol (mg/dL)222.4±6.70203.3±7.630.0228 LDL-c (mg/dL)161.7±10.29134±8.990.049 HDL-c (mg/dL)45.12±1.8756.97±2.110.0002 TC to HDL-c Ratio (Castelli Index)5.15±0.213.70±0.15\<0.0001 Atherogenic Index of Plasma0.60±0.040.40±0.03\<0.0001 LDL-c to HDL-c Ratio3.72±0.232.43±0.17\<0.0001 No-HDL-c to HDL-c Ratio4.15±0.212.70±0.15\<0.0001Cardiovascular Variables Systolic blood pressure (mmHg)140±15136±120.041 Diastolic blood pressure (mmHg)88±1385±140.0259[^2] Figure 1Prevalence of the single components of MetS for TS subject and reference groups.**Notes:** Prevalence expressed in % (95% CI). \*Significant difference between both groups (two proportion *Z*-test).**Abbreviations:** HTA, Arterial Hypertension; Pathological WC, Waist Circumference ≥80 cm.

Comparison between TS subjects with and without Overweight/Obesity is presented in [Table 3](#T0003){ref-type="table"}. Twenty-six of our TS subjects were considered to be overweight (≥25 kg/m^2^\<30 kg/m^2^) and 18 were obese (≥30 kg/m^2^). The prevalence of overweight or obesity was higher in TS (49%, n=43) than in the reference subjects (33.3%) (P\<0.05; [Table 1](#T0001){ref-type="table"}). Turner syndrome subjects with overweight/obese displayed significantly higher values for WC, WHR, WHtR, FM, PFM, fasting plasma glucose, triglycerides, Atherogenic Index, LDL-c/HDL-c ratio, Non-HDL-c/HDL-c ratio, systolic and diastolic blood pressure and significantly lower values for the FFM/FM ratio and HDL-c than non-overweight/obese TS individuals. There was no significant difference between these TS groups for FFM, PFFM, TBW, TC and LDL-c ([[Tables S2]{.ul}](https://www.dovepress.com/get_supplementary_file.php?f=214787.pdf) and [[S3]{.ul}](https://www.dovepress.com/get_supplementary_file.php?f=214787.pdf)).Table 3Comparison between Turner syndrome subjects with and without overweight/obesityOverweight/Obesity TS SubjectsNon-Overweight/Obesity TS SubjectsN4345With MetS % (n)63 (27)18 (8)Without MetS % (n)37 (16)82 (37)Mean ± SD**p**Age31.75±1.0426.82±0.920.0006Anthropometric Variables General  Height (cm)138.6±0.50141.1±0.440.0004  Weight (kg)  BMI (kg/m^2^)29.64±0.8523.06±0.33\<0.0001 Adiposity Central  Waist Circumference (cm)84.71±2.0971.89±0.9786\<0.0001  Waist to Hip Ratio\*0.90±0.0120.86±0.010.001\*  Waist to Height Ratio0.61±0.020.51±0.01\<0.0001Bioimpedance Variables Free fat mass (kg)\*26.06±1.1224.67±1.410.6167\* Percentage of Free Fat Mass (%)\*47.35±2.4551.77±2.610.1103\* Fat Mass (kg)25.85±1.4215.61±0.50\<0.0001 Percentage of Fat Mass (%)43.33±1.5132.95±0.90\<0.0001 Free fat mass to Fat Mass Ratio0.75±0.051.12±0.090.0004 Total Body Water\*24.20±0.6024.22±0.750.873\* Percentage of Total Body Water (%)43.55±1.4152.36±1.29\<0.0001Metabolic Variables Fasting Plasma Glucose (mg/dl)\*83.93±1.7877.56±1.740.0246\* Triglycerides (mg/dL)\*181.19±8.20145.58±9.000.0039\* Total Cholesterol (mg/dL)\*221±6.60201.8±8.430.1136\* LDL-c (mg/dL)\*154.6±9.49136.7±10.07 HDL-c (mg/dL)\*49.17±1.9853.91±2.040.05\* TC to HDL-c Ratio (Castelli Index)4.73±0.193.82±0.190.0012 Atherogenic Index of Plasma0.56±0.030.40±0.030.001 LDL-c to HDL-c Ratio3.30±0.212.59±0.210.0184 No-HDL-c to HDL-c Ratio3.73±0.192.82±0.190.0012Cardiovascular Variables Systolic blood pressure (mmHg)139±16135±180.01 Diastolic blood pressure (mmHg)89±1382±120.0015[^3]

Correlations between anthropometric and cardio-metabolic variables {#S0003-S2003}
------------------------------------------------------------------

Waist circumference and WHtR had the highest correlations with cardio-metabolic variables in TS subjects with MetS. Among cardio-metabolic variables, TC and LDL-c demonstrated the highest correlation with all four anthropometric variables in TS subjects with MetS ([[Table S4]{.ul}](https://www.dovepress.com/get_supplementary_file.php?f=214787.pdf)). Among anthropometric variables, WHtR had a higher correlation with three out of the seven cardio-metabolic variables (TC, LDL-c and HDL-c levels), as well as with the LDL-c/HDL-c ratio than did BMI and WC. However, BMI and WC also showed a significant association with four out of the seven cardio-metabolic variables (systolic and diastolic BP, TC, LDL-c) in TS subjects with MetS. Similarly, WHtR and WC were found to better correlate with TC and LDL-c than did BMI in overweight/obese TS group ([[Table S2]{.ul}](https://www.dovepress.com/get_supplementary_file.php?f=214787.pdf)). In the crude models of regression analysis, BMI, WC, WHR and WHtR were significantly associated with TC and LDL-c in TS subjects. This continued to be so when these parameters were adjusted for age.

Correlations between bio-impedance and cardio-metabolic variables {#S0003-S2004}
-----------------------------------------------------------------

The FFM/FM ratio correlated negatively with the Atherogenic Index of Plasma and with the LDL-c/HDL-c ratio ([[Table S5]{.ul}](https://www.dovepress.com/get_supplementary_file.php?f=214787.pdf)). In the age-adjusted model for TS subjects with MetS, where FFM/FM ratio was the dependent variable and BMI, WC, WHR and WHtR were the independent variables, WHtR had the highest R^2^ (=0.66). This model explained 0.816 of the variance for the FF/FM ratio.

Association of various anthropometric and metabolic variables using ROC curve analysis {#S0003-S2005}
--------------------------------------------------------------------------------------

In order to identify the best cut off value for the detection of MetS and Overweight/Obesity in TS patients, we performed ROC curve analysis and the Youden index analysis for BMI, WC, WHR and WHtR ([Table 4](#T0004){ref-type="table"}). We then compared the AUC to determine their ability to appropriately detect MetS or overweight/obesity in TS subjects ([Figures 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}). The best cut-off point for BMI was 27.95 kg/m^2^, with a sensitivity and specificity for appropriately classifying TS subjects as MetS of 61.1% and 96.2%, respectively. A cut-off value of 83 cm for WC was found to have the highest-balanced sensitivity and specificity in detecting TS subjects with MetS (52.8% and 94.2%, respectively), while a WC of 81.5 cm was determined to be the best cut-off point for detecting overweight/obesity (with a sensitivity of 59.5% and a specificity of 95.7%). A WHtR of 0.54 and 0.52 correctly classified the largest number of TS subjects with MetS or overweight/obese individuals, with a sensitivity and specificity of 62.8% and 97.6%, and 90.5% and 57.0%, respectively.Table 4Sensitivity, specificity and cut-off points for anthropometric variables predictive of MetS and overweight/obesity in adult TS subjectsA. Optimal Cut-Off Value for BMI, WC, WHR and WHtR Predictive of MetS or Overweight/ObesityBMIWCWHRWHtRCut-off(Kg/m^2^)Sensitivity\
(%)Specificity\
(%)Cut-off (cm)Sensitivity\
(%)Specificity\
(%)Cut-offSensitivity\
(%)Specificity\
(%)Cut-offSensitivity\
(%)Specificity\
(%)MetS≥27.9261.1098.10≥83.1052.8094.20≥0.8950.0076.90≥0.5362.897.62Overweight/Obesity≥81.559.595.7≥0.8952.482.6≥0.5290.557.00**B.** Sensitivity and Specificity for Anthropometric Variables Predictive of MetS and Overweight/Obesity Based on Established/Recommended Cut-Off Values in Adult TS SubjectsMetS≥25 Kg/m^2^75.0069.2≥8058.384.6≥0.8297.2217.31≥0.591.741.33≥27.5Kg/m^2^61.1096.2≥8252.892.3≥0.8588.8930.77≥0.5286.148.14≥30 Kg/m^2^44.4498.1≥8536.196.2≥0.9033.3390.38≥0.5561.178.81Overweight/Obesity≥8059.591.3≥0.8297.6219.57≥0.597.641.33≥8254.895.7≥0.8590.4834.78≥0.5290.556.62≥8535.7100≥0.9033.3393.48≥0.5566.789.11[^4] Figure 2Receiver operating characteristic (ROC) curve for prediction of Metabolic Syndrome (MetS) from waist-to-height ratio (WHtR), waist circumference, waist-to-hip ratio (WHR) and body mass index (BMI) in adult Turner syndrome subjects.Figure 3Receiver operating characteristic (ROC) curve for prediction of Overweight/Obesity from waist-to-height ratio (WHtR), waist circumference, waist-to-hip ratio (WHR) and body mass index (BMI) in adult Turner syndrome subjects.

Proportion of TS subjects with the MetS and overweight/obesity identified based on recommended cut off values for BMI, WC and WHtR {#S0003-S2006}
----------------------------------------------------------------------------------------------------------------------------------

The proportion of subjects who would have been identified based on established values for BMI (≥25.0 kg/m^2^) and WC (≥80 cm), and on the recommended cut-off value for WHtR (≥0.5) allowing for the identification of MetS and Overweight/Obesity in adult TS women are shown in [Table 4](#T0004){ref-type="table"}. A WHtR of ≥0.5 proved to have a higher sensitivity than both BMI and WC distinguishing TS subjects with MetS. The highest specificity in detecting TS subjects with MetS was obtained with a WC cutoff point of ≥80 cm and with a BMI cut off value of ≥30 kg/m^2^. Therefore, for using a cut-off value of 80 cm for WC and the proposed WHtR of ≥0.5, the number of TS subjects correctly classified as MetS increased.

A WHtR (≥0.5) demonstrated better sensitivity than WC (≥80 cm), while WC had better specificity than WHtR ([Table 4](#T0004){ref-type="table"}) in the scenario of overweight/obesity. The majority (81.8%) of TS individuals with a cut-off value for WHtR of ≥0.5 were overweight or obese. In addition, ROC curve analysis showed that WHtR had a higher discriminating power in the detection of overweight/obesity than WC in TS ([Figure 3](#F0003){ref-type="fig"}). The proportion of subjects who would have been identified with a WHtR of ≥0.5 was consistently higher than that for a WC of ≥80 cm, for all cardio-metabolic variables. In addition, WHtR had the largest AUC for MetS in individuals with TS. However, the differences in the AUC for the various anthropometric variables were often small, with overlapping 95% confidence intervals ([Figures 2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}).

Twenty-six out of 88 subjects with TS were classified differently in terms of overweight/obesity when discriminated either by BMI or by WHtR. Of the 35 subjects with TS with MetS, 6 had a normal BMI but with a WHtR ≥0.5. In addition, of the 43 TS subjects with overweight/obesity (≥25\<30 kg/m^2^), 19 had a WC \<80 cm, while all but one had a WHtR\>0.5.

Discussion {#S0004}
==========

Cardiometabolic risk factors in Turner syndrome {#S0004-S2001}
-----------------------------------------------

We analyzed several anthropometric, bio-impedance and cardio-metabolic variables in TS subjects. While these parameters have been previously assessed in other studies, the currrent analysis was performed in a well-defined population of TS women (≥20 years old) and the results were compared to that of a sex-, age- and BMI-matched reference group. In concordance with previous studies,[@CIT0003],[@CIT0004],[@CIT0022],[@CIT0023] our TS subjects not only presented with altered anthropometry, but also with altered body composition.

In the present study, the height of TS subjects was on average 10 cm shorter than that of the reference group and 20 cm shorter that the values of an ethnic-specific female population.[@CIT0024] Consequently, they had an increased weight when compared to age- and BMI-matched reference subjects, resulting in an unfavorable body composition, with increased overall (BMI) and central (WC, WHR and WHtR) adiposity anthropometric variables. However, we do not believe that the shorter average height of the study group explains the unfavorable body composition of our TS subjects, as bio-impedance analysis demonstrated that TS subjects had a higher FM and PFM and a lower FFM, PFFM, TBW, PTBW and FFM/FM ratio. In addition, we found significant correlations between central adiposity anthropometric variables (WC and WHtR) and PFM and FM and we detected a higher prevalence of MetS in our study group than in the reference group.

Our findings demonstrate that lipid metabolism is altered in TS subjects, with approximately 60% (51/88) displaying hypercholesterolemia (≥5,2 mmol/L; ≥200 mg/dL). Similarly, triglycerides and LDL-c levels were elevated in TS individuals, with a positive correlation between triglycerides, TC, LDL-c, TC/HDL-c ratio, AIP, LDL-c/HDL-c ratio, non-HDL-c/HDL-c ratio and age being detected. Our data, therefore, suggests that dyslipidemia is prevalent in TS women and that these changes may be dynamic with age. Similar findings have been reported in the literature in TS cohorts of different ethnic backgrounds.[@CIT0025]--[@CIT0028] Thus, it has been suggested that hypercholesterolemia occurs in 50% of TS subjects over the age of 21 years,[@CIT0025] which is twice as much as that detected in the general population.[@CIT0018]

Prevalence of MetS and overweight/obesity in TS subjects {#S0004-S2002}
--------------------------------------------------------

The prevalence of MetS in our TS cohort was 39.7% including 30.6% with Overweight/Obesity and 9.1% with non-Overweight/Obesity. This prevalence was high in our study, even considering that MetS is quite prevalent in adult individuals without TS of the same geographic region utilizing the IDF criteria.[@CIT0029] A much lower prevalence of MetS (4.7%) was reported in a cohort of 85 Caucasian subjects with TS aged 8.1--46.6 years, using the IDF deﬁnition.[@CIT0015] The marked difference in the prevalence of MetS between our patients with TS and those studied by Calcaterra et al[@CIT0015] and also by Landin-Wilhelmsen et al,[@CIT0030] may be partially explained by the different age range, ethnic background and the health care received by the individuals studied. Also, it has been reported that ancestral genetic components (the proportion of Amerindian, European and African backgrounds) in admixed Latin-American populations, tend to influence an individual susceptibility to cardio-metabolic disorders.[@CIT0031] Conditions leading to cardio-metabolic disorders, such as obesity, T2DM, hypertension and dyslipidemia, have a different prevalence in European, African and Amerindian populations (<http://www.who.int/nmh/publications/ncd-status-report-2014/en> accessed February 5, 2019). Thus, the Amerindian ancestral component might act as a risk factor for impaired glucose metabolism, a European ancestry may condition dyslipidemia and an African ancestral component would confer a higher risk for elevated blood pressure in Latin-American TS cohorts. Lastly, the studies by Calcaterra et al and Landin-Wilhelmsen et al[@CIT0015],[@CIT0030] included patients with TS undergoing regular medical follow-up at an endocrine unit of a first world country. Most of our Ecuadorian patients did not receive any regular medical evaluation and, while most Venezuelan patients did undergo systematic evaluation at the university genetic clinic, the socio-economic crisis affecting the country severely limited their regular access to laboratory testing necessary for the diagnosis and subsequent treatment of metabolic diseases.

WHtR, WC and BMI as indicators of cardiometabolic risk {#S0004-S2003}
------------------------------------------------------

Using the established or recommended cut-off values for BMI, WC and WHR to define Overweight/Obesity, almost half of our TS patients fell into this category. Moreover, TS subjects with a BMI of ≥25 kg/m^2^ had an increased odds ratio of co-occurrence of MetS when compared to Non-MetS TS subjects with a BMI of \<25 kg/m^2^ (odds ratio =7.15 \[95% CI 2.69 to 18.99\]). This contrasts with the findings by Calcaterra and colleagues, who reported that the frequency of MetS in their study did not differ between Overweight/Obese and non-Overweight/Obese TS individuals.[@CIT0015]

There are many studies in the literature evaluating the predictive power of adiposity anthropometric variables for the detection of cardio-metabolic risk, T2DM and dyslipidemia in the general population. To the best of our knowledge, this is the first study to assess the utility of these variables in predicting the risk for MetS and Overweight/Obesity in adult patients with TS. While several studies have demonstrated the importance of diagnosing and treating MetS in TS subjects,[@CIT0002],[@CIT0013],[@CIT0028],[@CIT0032] the stratification of these patients for cardiovascular risk is currently based on biochemical alterations. Simple anthropometric variables may help clinicians distinguish high-risk TS individuals that should be subject to additional follow up and possibly medical intervention.

We should also consider the difficulty arising from defining MetS and Overweight/Obesity based on WC and BMI, respectively, in TS individuals. An inconsistency in the classification of obesity in TS girls defined by BMI and by the Weight-for-Height charts has been reported.[@CIT0006] In our study more than 30% of TS subjects were classified differently using a cut-off value of 0.53 for WHtR, instead of the established cut-off value for BMI (≥25 kg/m[@CIT0002]) for the classification of Overweight/Obesity. In addition, individuals with TS who had been classified as normal according to their BMI, but who had a WHtR of \>0.53, presented with a cardiometabolic risk approaching that of subjects with Overweight/obesity (≥25\<30 kg/m^2^). Similarly, more patients were identified as MetS using a cut-off point of 0.53 for WHtR, than utilizing a cut-off point of 80 cm for WC in our study. The cardio-metabolic risk of subjects with TS might therefore be larger than what was previously believed using the BMI-WHO criteria.

BMI cannot discriminate between excess adipose tissue and muscle mass, as it is not an indicator of the anatomical distribution of adipose tissue. On the other hand, WHtR might serve as an accurate anthropometric variable of cardiometabolic risk, as it is a reliable indicator of central adiposity. Most TS subjects present with short stature and abnormal corporal proportions, so that both WC and BMI could miscalculate the prevalence of MetS and Overweight/Obesity in this population. In our study, height was inversely associated with TC and LDL-c levels, which suggests that WC needs to be adjusted for height in TS subjects. This same finding has been reported in normal middle-aged men in a coronary risk factor study in Sweden.[@CIT0033] Therefore, WHtR may be a more predictive anthropometric variable than classic body measures such as WC and BMI. In our study, WHtR consistently correlated the highest with the various bio-impedance (FM and PFM) and biochemical variables (TC, LDL-c and HDL-c levels and with the LDL-c/HDL-c ratio). WHtR was found to be the best indicator for estimating MetS and Overweight/Obesity, as it consistently had higher AUC values than BMI, WC and WHR in our TS cohort. Additionally, WHtR, had an independent association with MetS and with Overweight/Obesity risk, even after adjusting for BMI. However, the 95% confidence intervals of these AUCs and ORs tended to overlap for all anthropometric variables, as described by other authors in patients with different clinical backgrounds[@CIT0034],[@CIT0035] and it is difﬁcult to evaluate the independence of WHtR in regard to BMI and WC, as these variables are highly collinear.

We would, therefore, suggest that in the estimation of cardio-metabolic risk in TS subjects due to Overweight/Obesity, WHtR should be added to BMI or to WC as adiposity indexes. A meta-analysis of 31 studies, which did not include TS individuals, evaluating the predictive power of adiposity anthropometric variables in adult individuals of both sexes and of different ethnic groups based on ROC curve analysis, concluded that WHtR was more effective in assessing cardiometabolic risk, than either BMI and WC.[@CIT0034] However, the optimal cut-off point for WHtR remains uncertain. In the present study, we found 0.54 to be the ideal cut-off value for TS subjects. In a study in hospital workers in Mexico, the optimal cut-off value for WHtR was found to be 0.53 for women.[@CIT0036] Other studies separately conducted in Ecuador and Venezuela,[@CIT0037],[@CIT0038] as well as a review assessing ﬁndings across fourteen countries,[@CIT0039] recommended a cut-off point of 0.50 for WHtR. This central adiposity variable is a simple, easily calculated and validated index, which is not affected by age or ethnicity and therefore does not require conversion to SDS or percentiles in order to discriminate among TS cohorts of different ages or ethnic backgrounds.

It has been suggested that the haploinsufficiency of genes localized on the p-arm of the X-chromosome may be influential in the etiopathogenesis of metabolic disorders in TS. Various authors have reported that monosomy 45,X and 45X/46Xi(Xq) are strongly associated with metabolic risk factors.[@CIT0028],[@CIT0041],[@CIT0042] However, our study did not reveal a signiﬁcant association between anthropometric or cardio-metabolic variables and complete deletion of the p-arm of the X-chromosome, which is consistent with other studies.[@CIT0013],[@CIT0042] The relatively small number of cases in some studies may explain these discrepancies and further studies in larger, more statistically signiﬁcant numbers of cases are warranted.

Limitations of this study {#S0004-S2004}
-------------------------

The present study has a number of limitations. Its cross-sectional design prevents us from determining a cause-effect relationship between anthropometric variables and cardiovascular risk. While the sample size was believed to be adequate for analysis as a whole, the number of Ecuadorian and Venezuelan subjects prevented analyses stratified by groups. For assessment of excess adipose tissue, cross-sectional data are sufﬁcient, but larger prospective studies are needed to demonstrate the cause-effect relationship between anthropometric variables and cardiovascular risk in TS subjects. Additionally, we cannot determine the magnitude of any error introduced by using bio-impedance analysis. Our results demonstrate that bioimpedance variables offer no further benefit over classic central adiposity anthropometric variables to diagnosis MetS. Therefore, prospective studies incorporating dual energy X-ray absorptiometry (DXA) would be better for the evaluation of body composition and its relationship with MetS. Other variables known to influence the development of MetS and Overweight/Obesity such as dietary habits, smoking, physical activity and family history were not included in this study when adjusting for the multiple regression analysis. Subjects of our reference group were students and employees of a university and may therefore not be entirely representative of the adult Latin-American female. However, the reported prevalence of MetS and Overweight/Obesity in the general population from Ecuador and Venezuela are broadly comparable to ours. Another limitation of our study may be related to the variation in the anatomical measurement of WC in dressed subjects. We measured WC at the mid-point between the lowest rib and the iliac crest in subjects dressed in light clothing, which has been established to be highly reproducible and to correlate with total body and abdominal adiposity.[@CIT0022]

Conclusion {#S0005}
==========

In conclusion, this is the first comprehensive study to compare anthropometric variables as predictors of cardiovascular disease risk in adult subjects with TS. We propose that WHtR be used as an additional or alternative clinical screening tool for the detection of cardio-metabolic risk in this condition. A combination of WHtR with BMI or with WC may be clinically most useful in identifying adult TS subjects with overweight/obesity and MetS, respectively.
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[^1]: **Notes:** \*Mann-Whitney test. \*\*Two proportion Z-test. § 95% confidence intervals. Metabolic Syndrome is defined by ≥3 of the following: 1) fasting plasma Glucose (≥5.6 mmol/L); 2) Triglycerides (≥1.7 mmol/L); 3) HDL-c (\<1.03 mmol/L); 4) Arterial Hypertension; and 5) Waist Circumference \>80 cm). Arterial Hypertension is defined by systolic blood pressure (≥130 mmHg) or Diastolic blood pressure (≥85 mmHg); or taking antihypertensive medication. Overweight/Obesity is defined by BMI ≥25 kg/m^2^. The Atherogenic Index of the Plasma is calculated through the formula of log(Triglycerides (mg/mL)/HDL-c (mg/mL)).

    **Abbreviations:** SDS, standard deviation score; BMI, body mass index; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; TC, total cholesterol.

[^2]: **Notes:** \*Mann-Whitney test. Metabolic Syndrome is defined by ≥3 of the following: 1) fasting plasma glucose (≥5.6 mmol/L); 2) Triglycerides (≥1.7 mmol/L); 3) HDLc (\<1.03 mmol/L); 4) Arterial Hypertension; and 5) Waist Circumference \>80 cm). Arterial Hypertension is defined by systolic blood pressure (≥130 mmHg) or Diastolic blood pressure (≥85 mmHg); or taking antihypertensive medication. Overweight/Obesity is defined by BMI ≥25 kg/m^2^. The Atherogenic Index of the Plasma is calculated through the formula of log(Triglycerides (mg/mL)/HDLc (mg/mL)).

    **Abbreviations:** SDS, standard deviation score; BMI, body mass index; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; TC, Total Cholesterol.

[^3]: **Notes: \***Mann-Whitney test. Metabolic Syndrome is defined by ≥3 of the following: 1) fasting plasma glucose (≥5.6 mmol/L); 2) Triglycerides (≥1.7 mmol/L); 3) HDLc (\<1.03 mmol/L); 4) Arterial Hypertension; and 5) Waist Circumference \>80 cm). Arterial Hypertension is defined by systolic blood pressure (≥130 mmHg) or Diastolic blood pressure (≥85 mmHg); or taking antihypertensive medication. Overweight/Obesity is defined by BMI ≥25 kg/m^2^. The Atherogenic Index of the Plasma is calculated through the formula of log(Triglycerides (mg/mL)/HDLc (mg/mL)).

    **Abbreviations:** SDS, standard deviation score; BMI, body mass index; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; TC, total cholesterol.

[^4]: **Note:** Overweight/Obesity is defined by BMI ≥25 kg/m^2^.

    **Abbreviations:** SDS, standard deviation score; BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio; WHtR, waist circumference to height ratio; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; TC, Total Cholesterol.
